ABSTRACT-Pike eels Muraenesox cinereus (41-116 cm in total length; n=23) purchased from fish markets in Aichi Prefecture were infected with the digenetic trematode Aerobiotrema muraenesocis in the swim bladder (11 out of 23 fish; intensity of infection 1-27). Effects of the infection on the host were studied and partial life history of this trematode was postulated.
Muraenesox cinereus
Adult Aerobiotrema muraenesocis (Digenea) infects the swim bladder lumen of the pike eel Muraenesox cinereus.
This trematode has a unique taxonomical position of being the only member of the family Aerobio trematidae (Yamaguti, 1958) . Trematodes of the gen era Albulatrema, Cylindrorchis and Isoparorchis similarly inhabit the swim bladder lumen of fish, while typical dige netic trematodes infect the digestive, respiratory or urogenital system of vertebrates (Yamaguti, 1971) . Probably due to this unusual habitat, many studies were carried out, especially on Isoparorchis hypselobagri, regarding its life history, host range, geographical distri bution, as well as its physiology under the oxygen-rich environment (Rai and Pande, 1965; Srivastava, 1977; Hanna and Nizami, 1990; Kiger et al., 1998) . In the case of A. muraenesocis, no further studies have been carried out since Yamaguti (1958) described the mor phology of the adult worm. Furthermore, even in the case of I. hypselobagri, effects on the host have not been described, effects of infection of A. muraenesocis on the host were investigated and the partial life history of this trematode was discussed, in the present study. (Sumi et al., 1985) . sucker was located in the forefront, and the acetabulum usually embedded in the body parenchyma at about one third of the body length from the anterior extremity. The genital pore opened at the depression between these two suckers. The internal structure of the flattened specimens (17.8-20.6 mm long by 8.1-9.8 mm wide) can be figure out in the stained specimen shown in Fig. 2 . The oral sucker, 2.6-3.3 mm in diameter, was subterminal, followed by the pharynx, 1.1 mm long by 1.2 mm wide, which usually overlapped the oral sucker. The bifurcating intestine was sinuous and almost reached the posterior end of body. The acetabulum, 2. Fig. 2 . Stained whole mount specimen of Aerobiotrema muraenesocis.
A: acetabulum; CR: circular ridge between the main body and posterior region; EP: excretory pore; GP: genital pore; I: intestine; O: ovary; OS: oral sucker; SG: shell gland; T: testis; U: uterus; VG: vitellin gland. Fig. 3 . Swim bladder wall of pike eel infected with Aerobiotrema muraenesocis. a. Overview of the swim bladder wall of an infected fish. Red spots were visible on the epithelium after removal of worms; b. Close-upphotograph of the wall taken by a camera with a macro-lens.
Dark-brown and turbid fluid accumulated in the swim bladder lumen; c. Overview of the wall of a heavily infected fish.
Dead worms were observed in some cases; AM: A. muraenesocis alive; dAM: dead A. muraenesocis; BV: blood vessels; DTF: dark-brown turbid fluid. 4b). Moving miracidia extended themselves in the anterior-posterior direction. Larvae had a crown of apical spines and long cilia limited on the antero-lateral sides of body (Fig. 4c) .
Detection of iron from the worms
Many brown granules indicating the existence of iron were detected only in the intestinal wall of the worms histochemically stained to detect iron. However, it could not be detected in the spongy parenchyma, testes, uterus or other tissues (Fig. 5) .
Effect of infection of A. muraenesocis on the host
No clear effect of the infection with A. muraenesocis on the nutritional condition of the host was detected. There was no significant difference in CF values between the infected and uninfected groups (P=0.82).
However, microscopic observations revealed con- CA: crown of apical spines; CL: cilia on antero-lateral side of body; E: egg of the trematode; EC: erythrocyte of the host; ES: egg shell; NM: newly hatched miracidium. spicuous histopathological changes in the swim bladder wall of the infected host.
In the tunica interna of uninfected swim bladder, the epithelium consisted of single-layered, columnar cells with many small undulations, and the underlying loose connective tissue, or tunica propria, was thin, supplied with many blood vessels and capillaries just under the epithelium (Fig. 6a,  b) . In the infected swim bladder, on the other hand, the tunica interna had many typical papilla-like outgrowths (Fig. 6c) . The epithelium of these swim bladders was strongly and irregularly undulated, and the tunica propria became thicker irregularly. No blood vessels and capillaries in the tunica propria were in close contact with the epithelium (Fig. 6d) . The epithelial cells seemed to be somewhat swollen, and the cell borders were clearly seen.
In heavily infected fish (fish no. 20 and 23 in Table 1 ), the papillar tunica interna was more than 5 times as thick as the tunica interna of uninfected fish (Fig. 6e) . The epithelium became extraordinarily undulated and the tunica propria were irregularly thickened, rich in connective fibers and inflammatory cells, giving the tunica interna a very disordered structure. Besides, the epithelium had big ulcers, accompanied by extensive hemorrhages (Fig. 6e) . These spots may correspond to the red spots on the swim bladder surface (Fig. 3a) . Moreover, remarkably swollen the epithelial cells were observed in many places (Fig. 6f) .
This convex lining of the epithelial cells could also be detected on the epithelial surface by SEM. Thus, in heavily infected fish, the epithelial surface was rough due to swellings of the epithelial cells (Fig. 7b) . The epithelial surface of uninfected fish was comparatively smooth, and the boundary of the cell was clearly seen (Fig. 7a ). Yamaguti (1958) described Aerobiotrema muraenesocis as a new species, based on 2 specimens collected from the swim bladder of pike eel. Most of the measurements in his report were made from the wholemount holotype. Our specimens were larger than the holotype, but we could not find any substantial morphological difference.
Discussion
We consider that the trematode treated here is identical to A. muraenesocis.
In the present study, special and unusual morphology of the egg and miracidium of this trematode were revealed for the first time. The eggs are not ovoid but spherical and have no operculum unlike typical trematode eggs. The miracidia are subround and have very long cilia only on the antero-lateral sides of the body.
Hatching of eggs was frequently observed in vitro when they were incubated in undiluted seawater. This observations suggest that the eggs of A. muraenesocis can hatch in the sea unlike those of a swim bladder trematode I. hypselobagri, whose eggs hatch in a first intermediate host, gastropods (Cribb, 1988) . Considering the habitat of pike eel which does not live in brackish waters, the broad range of salinity in which the eggs can hatch may contribute to resistance to accidental changes in salinity of the environmental water.
The intermediate hosts of A. muraenesocis are unknown. From the fact that A. muraenesocis parasitized only large-sized fish (TL>76 cm), and considering that the main food of pike eel is crustaceans like shrimps or crabs throughout its life (Takai, 1959) , the second intermediate host(s) of this trematode may be largesized crustaceans.
In the internal fluid of the swim bladder heavily state of the pike eel was not obviously deteriorated by the trematode infection. However, deep and irregular undulations of the epithelium of the swimbladder, swellings of the epithelial cells, the infiltration of the inflammatory cells and the deposition of the connective fibers were observed in the infected fish. Moreover, the vascular system in the tunica propria lost its close contact with the overlaying epithelium and the overall thickness of the swim bladder wall remarkably increased.
Since the gas secreted into the swim bladder lumen is supplied through the capillaries (Fange, 1983) , it is reasonable to assume that the function was severely disturbed by the pathological changes in the tunica propria described here. According to Molnar et al. (1993) and Wurtz and Taraschewski (2000) , similar histopathological changes were also observed in the swim bladder of the European eel Anguilla anguilla infected with blood-sucking swim bladder nematode, Anguillicola crassus.
The similarity in the pathological changes in the swim bladder suggest that these changes are a general reaction of these fish infected with macro-parasites. In addition it was shown that infection with A. crassus led to changes in the gas composition in the swim bladder of the European eel (Wurtz et al., 1996) . Considering the similarity between the histopathological changes by A. muraenesocis and those caused by A. crassus, the function of the swim bladder of pike eel is also likely to become disturbed by the heavy infection with the trematode.
Moreover, the ulcers on the epithelium and associated hemorrhages, which may have been induced by the repeated sucking activity by the worms, were observed in heavily infected cases.
These pathological changes should lower the ability to secrete gas into the swim bladder lumen.
In the present study, several new findings concerning the morphology, abundance and pathology of Aerobiotrema muraenesocis are presented. These results reveal that the trematode has unusual morphology and mode of infection and that it is a potential pathogen to pike eel. Irregular swellings of the epithelial cells were observed in places.
